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RichardRosecrans

A cylindricalsetionocoqueshellof circularcrosssectionwas
mountedas a cantileverandloadedby a directshesratthetip. The
cylinderwastestedwithno cutout,witha rectangularcutouton the
tensionside,andwiththecutoutcenteredontheneutralaxison one
sideofthecylinder.Thecutoutwassuccessivelyenlargedthroughsix
sizesvaryingfromno to l~” in circumferenceandfrom1 to 2 baysin
length.Strainmeasurementsweremadewithresistance-typewirestrain
gagesnesxthecutoutonthestringers,theskin,andtheringsforeach
case,andthe

s

.+
Stresses

witha cutout

stressesobtainedsrepresentedh-tables.

INTRODUCTION

obtainedintorsiontestsof
sregiveninreference1 and

a stiffenedcirculszcylinder
stressesfoundinpurebending

testsofthesame;ylindersregiventireference2. Thepresentreport,
whichisthelaston thisseriesof tests,givesresultsfortwoloading
cases:shearloadwiththecutoutonthetensionsideofthecylinderand
shesrloadwiththecutoutcenteredontheneutralaxis. In thisreport
thecutoutcenteredontheneutralaxisiscalleda sidecutout.

Resultsofrelatedexperimentalworkby otherinvestigatorsare
giveninreferences3 to 5. Reference3 givessomedataforstresses
sroundcutoutsfora seriesoftestsof a cykinderloadedby torqueor
dtiectshear.Onlyshearstressesaregivenforthetestsofthecylinder

undertorqueloading,andonlyaxialstressesaregivenforthetests
withdirectshesrloading.Reference4 givesstringerstressesandshear
stressesina circulsrcylindricalshellwithtwoopposingsidecutouts
andloadedby directshesrandtorque.Reference5 presentsexperimental.
andtheoreticalstudiesof stressesina fuselagemodelloadedby direct
shesrandhavingtwoopposingsidecutouts.
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NACATN 3192

TESTSPECIMENANDPROCEDURE

Althoughthetestspecimenwasthesaneoneasthatusedinrefer-
ence1,a descriptionofthecylinderisrepeatedhereforcompleteness
of thepresentpaper.ThetestcyMnder,whichisshowninfigure1,
consistedof a 24-S-Taluminum-alloyskinO.0~1inchthick,36external
3/4x 3/4x 3/32anglestringerswithcross-sectionalareaof
0.1373squareinch,and8 equallyspaced242-Taluminum-alloyZ-section
ringswithcross-sectionalareaof0.4413sqysreinch.Theringswere
madeof l/8-inchsheetandwere2 tithesdeepwithl-inchflanges.The
momentof inertiaof thecylinderabouta diameterwascalculatedto
be 1119.3in.4. After aninitialtestof thecylinderwithouta cutout,
theseriesof cutouttestsbeganwitha cutout1 bayinlengthby no in
circumference.In foursucceedingtests,thecutoutswere1 baylong
andvsriedupto lx” incircumference.A finaltestwasmadewitha—
cutout2 bayslongby l~o incircumference.-
eachtestisgivenintable1.

Thetestprocedurewasanalogoustothat
erences1 and2. Thecylinderwasmountedon

Thesizeof thecutoutfor

usedinthetestsofref-
a heavyringwhichwas

boltedto a rigidsuppo;t.(Seefig.2.) Loadwasappliedtoa steel
bulkheadatthetipbymeansof a hydraulicjack.Thetipbulkheadwas
attachedtothecylinderby a steelsleevesothatthedistancefromthe

1 inches.endofthespecimento thepointofloadapplicationwas12-
8

BaldwinSR-4wirestraingagesmountednearthecutoutonthe
stringers,skin,andringswereusedforobtainingallthestrainmeas-
urements.TypeA-12gageswereusedonthestringersandringsand
typeAR-1rosettegageswereusedon theskin.Typicalgagemountings
areshowninfigure3. Stringergagesweremountedalongtheinside
cornerofthestringerangle,eitherattheringsorhalfwaybetween
rings.Rosettegagesweremountedeitherhalfwaybetweenringsor
1$ inchesfroma ring. Ineachrosette,twogagesmountedat angles

of 45°and135°to theaxisofthecylinderwereusedtomeasurethe
shearstrain.Ringgagesweremountedneartheneutralaxisofther-
crosssectionandonbothflanges.Thegsgepatterninfigure4(a)shows
thelocationof allthestraingagesusedintests2 to6. Theangular
coordinateElismeasuredfrom”thecenterlineofthecutout.Allthe
gagesshownwereusedinthetestwitha no cutout1 baylong.Forsuc-
cessivetestswitha cutout1 baylong,thecutoutwasenlargedby
removingpanelssymmetricallylocatedoneithersideof thelongitudinal
centerline.AU gagesnotcutawayby enlsrgingthecutoutwereused
inthenexttest. Thegagepatternfortest7, witha l~o cutout2 bays
long,isshowninfigurek(b).
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NACATN 3192 3

In eachtest,themaximumloadwaschosentomakethemosthighly
strainedgsgeindicatetensionor compressionof about10,000psi. This
valuewaswellbelowthebuckMngloadineachtestbutwasconsidered
highenoughto avoidthelargerelativeerrorsassociatedwithmeasure-
mentsofverysmallstrains.

About~0 or @O gageswerereadineachtest,buttheequipment
availablepermittedonly@ gagestobe readat onetime. Theprocedure
wasas follows:A groupof approximately&lgageswasreadateachof
foursuccessivelyhigherloads;thenthefirstloadwasrepeatedas a
check.If forsomegagestheoriginalreadingandthecheckreading
differedby morethanaboutXXIpsi,thedataforthosegageswereresected
anda testwasperformedforthosegagesonly.Testingcontinueduntil
satisfactorycheckswereobtained.If thetemperaturevsriedmorethan
1°F duringa testrun,theentirerunwasrepeated.Thererunsrequired
onlya smallportionofthetotaltestingthe. Aftersatisfactorydata
wereobtainedfora groupofgages,anothersetof about&)gageswas
readandthetestingcontinueduntilallthegageshadbeenread.

DATADEDUCTIONANDACCURACY

Foreachtest,loadwasplottedagainststrainforthedatafrom
eachgage,andtheslopeof a straightlinethroughthetestpointsdeter-
minedthevaluetakenasthestrainatthemaximumtestload. Strains
wereconvertedto stresseswithYoung’smodulustakenas 10,600,000psi

s andtheshesrmodulusas4,0Ml,W psi..Tensionisconsideredpositive
fornormalstresses,andpositiveshearstressesarethosethatwould
be producedby a clockwisetiptorque.w

Becauseof symmetry,thestressateachlongitudinalstationat an
sngle f3°fromthecenterlimeofthecutoutshouldbe thessmeasthe
oneat -OO;consequently,exceptforthecasesnotedinthenextsec-
tion,thestressesfromsymmetricallylocatedgageswereaveraged.The
finalstresseswereallreducedto correspondto stressesfora losklof
2,000pounds.

Errorsinmeasuringtheappliedloadincludeanuncertaintyof 1 per-
centinthejackloadSZMIa smallaunt of frictionintheloadingfrsme.
In addition,thestraingagesmayhaveinaccuraciesof 2W psiatthe
loadsof theactualtestsor 3 percent,whicheveris lsrger.
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RESULTS

Stressesarepresentedintablesforallofthecutouttestsand
theactualmsximumloadusedineachtestisalsogiven.Resultsof
testsof thecyMnderwiththecutoutonthetensionsidearegivenin
tables2 to7 andresultsoftestsofthecylinderwiththecutoutcen-
teredontheneutralaxis(thesidecutout)sregivenintables8 to 13.
A testofthecylinderwithouta cutoutgavestressesthatwerevery
closeto thosedeterminedby elementarytheory.Consequently,forthe
cutouttestsj“stringerstressesdueto cutoutonly”and‘tshesrstresses
dueto cutoutonly”werecalculatedby Wbtractingfromthemeasured
stressesthestressesdeterminedby ordinarybeamtheoryfortheuncut
cylinder.

Eachtablegivesa setof stressesforonetestcorrespondingto a
certaincutoutsize@ loadingcondition.Ineachtable,stringerstresses
aregivenh psrt(a)and“stringerstressesdueto cutoutonly!*aregiven
inpart(b). Shearstressesarepresentedinpart(c)and“shearstresses
dueto cutoutonly”arepresentediiipert(d). Finally,theringstresses
aregiveninpat (e). Whenstringerstressesthatmightbe averageddif-
feredbymorethan1,000psiattheactualtestload,bothvaluesinstead
of theaveragevaluearegiveninthetables.Forthesecases,thenum-
bersgivingthestressesfromthere@onwhere e isnegativeWe in
parentheses,butthesignssrechosenas ifthesestresseswereinthe
regionwhere e ispositive.Ringstresses–forthecaseof shesrload
on thecylinderwitha siQecutoutwerenotaveragedbecausetheywere
veryinconsistent.In severaltistances,valuesof stressthatwere
fromobtiouslyinaccurategagereadingswereomittedfromthetables.

Thestressdistributionsaroundthecutoutarepresentedinfig-
uresP to 8. Stressesforshearloadwiththecutoutonthetensionside
of thecylinderaregivenforthe~“ cutoutinfigure5 andforthe
goocutoutinfigure6. Stressesforshearloadwiththesidecutout
arepresentedfortheno cutoutinfigure7 endforthe90°cutoutin
figure8. Figures5 to 8have fourpartseach,correspondingtoparts(a),
(b),(c),and(d)ofthetables.Thetestpoints,whicharerepresented
by theheightoftheheavyverticallines,arejoinedby straightLines
to givea pictorialviewofthestressfield.Inthefiguresshowing

-.

shearstresses,theMnes Joiningpointsonoppositesidesof thecoaming
stringernearthecutouthavebeenbrokenbecausea straightlineisnot
veryaccurateinthisregion.

●
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CONCLUDINGREWiRKS

Stressesobtainedina seriesoftestsof a stiffenedcylindrical
shellwitha cutoutstijectedto a tipshesrsrepresentedintables.
Thedatapresentedme intendedprimarilyto serveas a checkonmethods
of analysisor as a guidetothedevelopmentof suchmethods.Consequently,
no attempthasbeenmadeinthispaperto interpretthedataor drawcon-
clusionstherefrom.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,March12,1954.
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TABLEl.-CulourSIZE

Test Lengthof Widthof
number cutout,bays cutout,deg

1 None None

2 1 30

3 1 50

4 1 70

5 1 90

6 1 lx

7 2 lx
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deg

WLBLE2.-STRXSSEAROUNDCUIWJTOF No BY 1 EW ON TENSIONSIDE

FORCEOF 2,M0 POUNJEAT TIP (AE!XJALAPPLIEDLOAD,

(a)Stringerstresses,psi

, t

OF CYLINDERTJMIEllBY SHEAR
~
~

7,m Porn) E
W

K

15

45

75

lo5

DistancefromcenterW of cutout,in.

w 24 18 12 6 0 6 12 18 24 w

— —~–~– —
— 928 – 5&)-o

:;

—
o — 1,075 2,203

I
— 972 1,445-2,329-2,974–2,;37-2,U6 2,1P

I
— 9B 1,581-1,966-2,21.2-2,~34-2,203 2,203

I
— 979 1,431–1,:x– 1,&26- 1,926 – 1,993 2,047

— 898 1,185- 1, i74 - 1,458- 1, ~5 - 1,737 1, am
I I

— 773 1,023 – 1,m7 - l)lW, — lj303 – L35!3 1,617

— 583 7k6-i+2 -892- 9~7 – 1,063 – 1,u5 - 1,263

392 4% — 53o — 542 – 5;5 — 707 &8

I

-38 -103 — .71 — -118 — -103 — -162 — -u13 — .77

I

4



‘rAEGE2.-S!CFBSFSAROUNDCUIOOIOF jO”BY1 BAYONTENSIONSIDEOFCYLINDERUMDEOBYSHEAR

1~

47

e,
deg

75

105

FORCE OF2,000KIiNIEATTIP(ACXPUAL~ WAD, I’,m ~~) - cont~~d

(b)Stringer stresses due to cutout only, ps~

Distance from center line of cutout, in.

w 24 18 12 6 0 6 12 18 24 w

— —~—~- —
-2Q9 -881— -1,623 -1,947--1,034

3 ~

-230

-135 22— 7;9— 1,236— 1,:41— 73 -219

-55 241— 4; — 574— 5;8— 268 -29

32 214—2+9-~-;5— 237 21

75 1.28—2$-167 —li6 -211 lx

100 158— 1i7— 134— 1;1— 107 177

b loo—lCLlo3— k—131-111-lEq

74 78 — ;7 — 43 — ;I — U8 148

I

38 -5 — 38—l— qJ-+J— 49 — 85

I 1

● ✎
✎



15

45

75
e,
da

w

135

165

!AELE2.-9mE3mmmcmmoF 3@ BYl BAY OE’Jm3mli’smm cmmDERLOAmDBYsEw=l

mrc2fm2,0fm mmmm Tm(Acl’OALAPPLJXDLOAD,7,ZM FOWD3)- Conttiwd

(c) Sheer stmme., psi

DistancefrcdncenterMae of cutout,in.

36 Y 2b 18 K 6 0 6 M la 24

— — —— - -—51 —- —32— 56—- -—

142 a? -XB - 1,3w 778

43m~ 229 437441 &Cl

404 m 3U 333J+m 397 316419 469

559 59 570 561 4% 477 452

6m 641 ‘m 671645 635 64!)576 558 649 623

823 776735 744 698*

793 835 ~o 813815 &l 7P 736 661B7

%2 833 &?4 S70w 755

872 800 @ &4 8S( @J@ ml 883 &g 8$0

71.8 755 ?~ -(R)

3s7 525 571 ~q

339

1R2 I.@

!2

u)

.
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J+5

75
e,
deg

m

m

TAmE 2.-~AKIUHOCWM~OFXIOBY lBAYOIITHSIONSIiXOFCYfmum KIArmBYSEFaR

IURCEOF2,03)FOUIU?3ATTIP(MTUAL41TIJE0LOAD,7,2KImm) -COntinllea

(d)She8r atresaes d.w ‘m

D1.9tmce frm center

% 30 24 18 12 6

—-—— -1— - — 511-

CutoutCmly

Mae of CutOut,in.

o 6 12 18 24

—— — 132—%~-

-1 -61 -532 -943 1,176 635

-239-lV -53 15 l% 368

-8 -72 -1.o1 -7773 -15 -967 57

29 0 40 -31 -M -53 -78

-22 9 68 ~ 13 3 8 +6 74 17 -9

m 6244 30 -16-62

21 61 96 * 41 27 -4-M -Ki3-q

~ 23 12 18 * -97

60 76 44 ~ -5 37 -u 71 -328

4 41 2 66

27 -5 Ill -5

97

39 17

!2

w , . c
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TABLE2.-STRESSESAROUNDCUIOWTOF ~0 BY 1 BAYONTENSIONSIDE

OF CYLINDERLOADEDBYSHJ?MFORCEOF 2,000POUNDSAT

TIP(ACTUALAX’PUEDUMD, 7,200FOIJltM) - Concluded

(e)Ringstresses,psi

i

/

Outerflange

? 1--’ j’
In

t’

4

1--- _

g B

5’ ‘~

Ring1 Ring2
0,deg

A B c A B c

5 -71 -219 -266 -77’ -321 -321

15 -l$J’7 .281 -107 -q-l -315 -72

23 -157 -162 -1 -147 +6 ~1

35 -IJ8 -51- 0 -150 -52 106

45 -118 -31 59 -200 -16 146

55 -125 0 86 -166 -7 131

65 -91 0 52 -1X -3 90

75 -66 0 44 -Ku_ 9 37

b o 0 0 -37 0 0

9? o 0 0 0 0 0



TABLE3.-STRESSESAML~ CUl!OUJ?OF W“ BY 1 BAY ON TENSIONSIDE

FURCE OF 2,000 FWITDS AT TIP (AWU4L APPLIED LOAD,

(a) Stringer stresses, psi

OFCYHNDERKMOEOBYSHEAR

5,000m.mrs)

Distance from center line of cutout, in.

30 24 18 E 6 0 6 12 18 24 w

— —~-~—

I

,;::

— .— - —

266 a2 —o o— 594 1,755
I

15 691 492 —0 o— “878 1,%5

776 1,344— 2,724— 3,5~ — 3)759- 2,332 1,963

910 1,658— 2,~94 — 2,421 – 2,~46— 2,4w 2,001

45 854 1,412— 1,690- 1,819— 1,944— 1,997 1,942
1“

e, 8ti 1,168— 1,283 – 1,340 — l,h5 — 1,518 1,696
deg

61.o 831 — 9;6 — 937 — 1,039 — 1, Ill – 1,206 — 1,323

75 471 458 — 5+’2 — 568 — 6;0 — 700 91.2

I

o -1.23 — - @ — -L65 – -132 – -199 — -98 — -26

lo5 I i



TAKLE3.-STRESSIISAROUND CUTOUT OF ~“ BY 1 BAY ON !UZN1310NSIDE OFCYLII!JIERIOADEDBYSHEAR

FORCE OF 2,CKXIPOIJNB AllTIP (AOI!’WM’??UEO IMD, 5,0fMFOUNDS)- Contlrmed

(b) Stringer streaws due to cutout only, psi

Disiwnce from center line of cutout, b.

w 24 18 12 6 0 6 12 18 24 30

15

45

e,
&g

75

lo5

——— -— .

— -771
I

‘$ :

-— —
.1,259 - -1,623 -1,947--1,515 -678

— .416 -931— -l,5@ -1,&6 - -1,175 -474

-267 4 — 1,;35— 1,873– 1,&3 — ~ -269

-37 441— 7;3— 935— 9;5— 674 .25

31 355— z!.6— 528— 5~5— 471 l&

143 303-3h-2@+-3;3 — 170 2$

lo7 I@ — 208— 148— 1;8— 179— 202 — 247

153 w —l.i9— 69 — k6—wL 232

76 -23— 2J—-k6--2— .58 — ~ — 137

I



75
e,
&g ,

IJ5

w

165

FOM7EOF 2,~ FOURIMAT TIP (AC1’UALAPFL~ ID.AIJ,>,CCOmllcM) - CarMnu@

(c) Shear stresses, pi

Ms—kace from carter line of cutout, in.

s w 24 18 1.2 6 0 6 E? 18 24

—. —— 0 - .— 49 — 15 — —

w -61 .324 -19 550 @

-973 VW 1,215

316 Z03 -3 l% 244 m Y3 523 ~

499 738‘5@ YR 405y25 461

559 595 784 ’717m649 615459 427 6TP 689

@3 m ~ 755 700535

mk m2 951 93 w 759 776633 >-m73-I

929mm & 722 CM

9= 919 w? 0228X E!&f ED6m &8 w

71~ 747 7197%) 798

w+ 519 5@ 531

247

191 ml

(

s!
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, 8

15

45

75
e,
*IZ

lo5

WJ

TABLE3.-131!FE!=AW~ClI@JWOF~2Yl BHOHTIWIDNSIDEOF~ KMDKo2YsEEJm
E’

mFclJoF 2,ccQmlmm ATmP(AcmAL AYPLmDmm, 5,c0Jmums) . cOtiIIWd s

(6)Sbwu e+mwsesdueb cutzmtonly !l
u

Di@anoetrcmcenter Em of cutout, in. g

—— —— . 0.— — .— w —15— -

-1-1 -204 -567 -333 407 547

-1,237 1,607 933

-96 -EU9 “11~ -2& -ti8 -1o7 91 1.11 41L

-31 -= J37 47 .125-5 -69

-73 -37 1~ ej-M 17 -17-173 -l@ 43 %

179 141lo2 41 -14-1~

40 98 1~ 1518.5 25 2 -141 -234-37

11763 m 9 -50 .146

94 lo7 ‘N 10-6 35 -517 -4m

-3 33 5 66 w

IA 32 1

48 M

G
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TABLE3.-STRESSESAROUNDCUIXX?IOF50°BY1 BAY

OFCYLINDERLOADEDBYSHEARIURCEOF2,000

TIP(AC?TUALAPPLIEDLOAD,>,000FOUNDS)-

(e)Ringstresses,Psi

& , Outerflange

0,deg

5 ““

l?

25

35

45

55

63

75

85

95

A

63

63

-1.m

-163

-155”

-191

-221.

-191--

-138

-134

Ring1

B

-407

---

-229

62

---

123

102

---

38

-15

c

-456

-378

-68

150

222

258

254

199

153

m

ONTENSIONSIDE

POUNDSAT

Concluded

A

-4

159

-44

-174

-221

-274

-282

-248

-172

-76

Ring2

B

-636

-3Kj2

-232

67

168

184

131

106

40

-4

c

-683

-475

0

263

343

401

343

246

117

40

.

.
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TABLJ34.- STRESSESAROUNDCWJWl!OF70°BY 1 MY ONTENSIONSIDE

FWWlilOF 2)000 FOUNIM KC TIT (ACTUAL AFTLIEO IOAD,

(a) Stringer stresses,psi

Iy

45

e,
deg

75

lo5

Distemce from centerlhw ofcutout,in.

w 24 18 E 6 0 6 12 18 24 30

—~—— —
or—

:$: ‘.

.— —
2%2 67 —o 424 1,L31

I
460 ml —o o— 493 1,623

595 491 — o 0 — 1,0L2 1,831

8K 1>869– 3,;57– 4,466– 4,&7— 2,905 1,918

975 1,843- 2,;34– 2,842— 3+4 — 2,751 1,831

973 l,@( - l,k2 – l,g27- 2,1.03— 2,023 1,831

848 1,178– 1,;69- 1,224- 1,404- 1,593— 1,515— 1,542

64> 843— 71i F761-;3 -934 1,132

I

173 -15 — 53 — -91 —-81– -154-72-M

I

w



TABLE4.-STRE5SIEIAROUNDCUIU~OF ~“ BY 1 BAY ON TENSION SIDE OF CYUNIIER LOADED BY

FORCE OF 2,000 POUNIX3AT TIP (A&NIAL APPLIED LOAD, 4,400 WUNIM) - Continued

(b) Stringer stresses due to cutout only, psi

Distance from center line of cutout, in.

w 24 18 Q 6 0 6 12 18

15

45

e,
deg

75

105

.,

———— -~-— —

-&7

‘+ ‘

.— —

-1,394 --1,623 -L 947 --1,685 -l,C02

-61t7 -1,312 – -1, b -I, i96 - -1,600 -746

— -448 4+9 – -l,LZ -1>+86 - -923 -401

— -135 652 – l,h — 2,982 — 3,h6 — 1,149 -I_08

152 785 — 1+0 — 1,551 - 1,595 — 1,225 71

~o 7k2— ;2 —871-941-TV 31

345 532— ~;l — 435 — 43 —571—51L -M%

347 435— ;7 —262-J9 — 345 452

I

2b$J 83 — 162— 28 — 49 —-13 —224—2@—

I I

‘ ,



. * , ,
I

15

45

75
e,
&8

lo5

w

m

TMIE4.- 8!TC?SSE23~IJlUICWtWJ!OF7@2Yl BNONTKt?310NNIllZOFCYHRUNNIo/lIlm2Y-

FORCEOF 2,CW mUNE3 AT TIT (ACNIALAPPKLm LOAD,k,~o FWJD3) - Cantlnusd

(c) Shear .tree.es, pal

DiBtanc.a frm C=lt-= W of cutout, -.

36 33 24 18 K! 6 0 6 12 18 24

— — –— -37— -— 45— —–6

51 -64 -142 .-m 426 492

-242 938 l,o$z?

z28 P -539 -l,owl 2,447 1,683

U8 257w m m 496 %3

m 477 695 726946 726 m %1 3X 7a5 w

l,om 968~fpt 708563

740 883 1,093 592%54 5=5 f333*5 4’(%694

1,044955 955 w ytb 343

966 w 946 @ m e43 833837 K+ 751

704 7* 71281h 7%

556 ~k 773 494

258

mm

G



45

77
9,
&g

Im

165

TAJm h.- Slm3sH ARXMDCL0XXWOF7@BY12AYOMl WEIOIi 5TI=OFcUmlIm ImllBllBYm

mm OF 2,0CXIFOlmmATm (AKmIALAPPLIKDLOB, 4,403mums) - &nthwd

(d)2heu stre.8.9eBdueb CUtOllt only

ItLstalce frm aeuk?r h ofCutOut, h.

% w * 18 E! 6 0 6 x? 18 24

—- ——. - — -37—-— 45— 6—

-92 -K17 -Z@ .243 283 *9

-524 6X 810

-ML -542 -fll -1,4% 2,035 l,ql

-@ -~ -lw 60 234-34 333

-149 -155 63 94Ilk 94 -72-al “2kl 151 12

N * Ifi 142 -6-al

-Y 115 319 =8 I.$x) 151 * a -358-83

232143 143 36-232 -*

lx 134 @+ 7-7-7 31 21 -5 -% -61

-u ‘m -2lcn e?

26 -26 1+3 -36

-24

42 u

n)
o

, ● ,
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TABLE4.-STiWSSESAROUNDCUTOUTOF70°BY1 RAYONTENSIONSIDE

OFCYLINDERLOADEDBYSHEARFORCEOF2,000FOUNDSAT

TO?(ACTUALAPPLIEOLOAD,k,b FOUNDS)- Concluded

(e)Ringstresses,psi

i Outer flange

?< r’, ;
In

t

4

+“

$
B

[L ;g

Ring1 Ring2
e,deg

A B c A B c

5 313 -523 -696 255 -1,036 -1,2.29

15 226 --- -583 265 -747 -1,048

25 ly5 -207 -328 315 -2@ -499

35 -193 -147 67 -265 -10 X8

45 -26Q --- 328 -374 W8 590

53 -265 219 434 -458 374 701

65 -364 275 537 -534 349 720

75 -357 --- 405 -520 197 506

6 -28) 183 352 -434 96 294

95 -253 114 248 -258 2 125



T- 5.-WBESSESMKMJNDCUlWPOF90°BYllWON TENSIDNSIDEOFCYLLNDERKMDBDBYSHEAR

15

45

e,
deg

73

lo5

FORCE OF 2,WX3 POONIE AT TTY (ACTKJALAPPLIED LOAD, 3,600 mRm)

(a) Stringer stresses,psi

Distance horn center Iinq of cutout, h.

x 24 18 X2 6 0 6 12 18 2k 30

— —~-~— ——
ii

$;

—— -

-18— o o— 294 1,060
I

179 9 —0 o— 318 1,231

374 &?— ; o— 418 1,508

6% 568-: ; — 1,125 1,&6

910 2,091 — 3,931 — 5,E@ — 6,&)4 — 3,459 1,943

1,06 2,241 — 2,+04 – 3,316 — 3,;86 – 2,956 2)055
1

1,057 L 6&J — 1,;73 – 1,932— 2,167- 2,061– 1,958- 1,885

m 1,178– I,if17— 1,066— 1,;78- 1,266 1,407

I

342 59 —lg4--41— 6— -165— 224— 294

I I I

t .
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TABLE 5.- STRE9SESAXOIJN!2CIJIWJI’OF $Xl”BY 1 BAY ON TENWON SIDE OF CYLINDER IIMDED BY Smm

15

e, 45

deg

75

ID5

FORCE OF 2,000 FOUNtH AT TIP (M?13ML APPL3X0 WAD, j,&IO KNJNCt3)- Conttiued

(b) Str@er stresses due tocutoutonly,psi

Distance from center l.lneof cutout, in.

m 24 18 X2 6 0 6 1.2 1.8 24 w

— — —~—— —

3:

— —

-1,093 -1,479- -1)625 -l,g47 - -1,815 -1,373 —

-g48 -1,414- -1,;8) -1, ~6 --1,737 -1,138

-669 -1,258- -qi@ -1,;86 --1,517 -724

-261 -64g — -1,;51 -1, ;21 – -631 -202

m 1,034 — 2,+27 - 4,316 – 4,;95 - 1,913 183

3Q I, 376 — 1,;44— 2,2EZI– 2,i3b — 1,708 615

554 1,039 – 1, ;55 — 1,143 — 1, ;6 — l,W — 954 — (%9

559 no — 744 —%7—6L 677 7W

41_8 157 —~3—78—1$— -24 — 376 — 457

I I

c?



45

75
e,
&g

m

135

TABLEp.- %EiE?ms AmomclmmoF@Br12Arm T!EmKm’snEoFcmmmrfR rmJMDBYs EEAFl

Fmc3aF2,m FOwm RTm(AcmJAL AYPIJEo~ 3,@3 mum) - wttiw

(c) Shmr .tresaes, pi

Di+mncefran=nterlineof cutaut,in.

% 52 24 18 12 6 0 6 I-2 18 24

—. —— . -—+—–— 6—-5—-

23 -76 -a J@ 381 334

-8s 725 76+2

Ily -42 -38) -245 l,m 1,361

417 -1,216 2,9@ 1,921

% 2%7 240 422%3 664 1,103ml 848 1,046 l,@.33

941 %8 1,174 1,04.2 ~ln177

737 tlai 1,1~ l,l@ 1,151 1,058 8512ea 1636J+8

1,214l,cd 9B3 925375 @l

I I I I

l,W
I

1,074 1,069 1,014&4 ‘8@ &7 650 6M 625

I I I

,
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. ● 1

lABLE5.-2mm$m AmuKocolumoF wBYlmYa Tm?KcmsIn2uFcnzmm~wsmm

_ OF 2,CXXRXlJL49AT~ (ACIWAI.~ LOAD,3,6XIEWmll)- Con’clnwmi

(d)81xar0txeaee6 dw to cutaut only

Dht.mce frm centerllneof cutout,in.

36 n 24 la 12 6 0 6 12 18 24

-46 — —— 6 —-?

-la -=9 -lp

15
-lgl 238 191

-$8 443 m

-35 -J@ -792 -657 w 969

-1,147
w

-1,746 2,457 1,291

-2?56 -345 -392 -210-@ 32 471-281. 116 414 371

=7 254Ma 328 -4.937

-37 P 403 3953TI Es m -4&
75

-W1 -126

e, 402248 177 q -1+~
&g

-w

193 X@ 237 202I-2 33 5 .162 -m -m
lc15

30 -27 0 32 46

135
* =9 -8 -38

*
-’@

354

VI

ii
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TABIJI~.-STRESSESAROUNDCUI!OUIOF90°BY 1 BAYONTENSIONSIDE

OFCYLINDERLOADEDBYSKEAR30RCEOF”2,0~ POUNDSAT

EI,deg ~

5

15

25

35

45

55

65

75

85

95

TIP(ACTUALAPPLIEDWAD, 3,600POUNDS)- Concluded

(e)Ringstresses,psi

& , Outer flange

*l’’--l

Ring1

A I B
598 I -648

I418 ---

262

I

-336

41 -118
I

-392 ---

-444 241

.518 406

-507 ---

-416 383

-350 268

c

-866

-727

-330

-236

298

562

733

698

712

527

RiD/32

A I B I c

666

539

2%

224

.607

-616

-751

-833

-727

-512

-1,346

-1,031

-pm

144

453

733

7(!0

583

416

m

-1,767

-1,440

-al

-29

887

1,2&l

1,417

I,116

7&)

442

.

.

.
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TABLE6.- STREWIH AROUNDCUllOUI OF Ix” BY 1 BAY OR TENSION SIDE OF CYUNDXR IfMIIEDBY W

lo5

FORCEOF 2,000 FOUNDS AT TIP (A!2TWALAPPIJIIOIOAD,2,200 POOIW)

(a) Stringsr stresses,psi

Distance from center line of cutout, jm.

30 24 18 E 6 0 6 1.2 18

.— - ——— —— ——

2J+ w

—

529

626
=T

915

lL— 346

+3

1,253

A— 578 1,773
I

1,1~ 993 —o o— 1,725 + 2,313

1,478 3,168 – 5,b68 – 8,19 – 9,~8 - 5,155 – 3,041 – 2,518

1,732 3,24P — 4,:91 - 4,2% - 4,+03 — 4,064 2,455

I

1,155 1,204 – 1,329 — 925 — 1,175 1,406 — I, 356

I I



N“
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TABLE6.- STRESSES ARXIIOlCUIWJT OF 1* BY 1 BAY ON TTINSIONSIDE OF CYUNDER LOADED BYsEEAR

15

45

e,
d.eg

75

lo5

FORCE OF 2,000 FKKNJM AT TIP (ACJT.JALAPFZCED ILIAD,2,200 mmm) - Continued

(b) Str@er stresses due to cutout only, PSI

Distance from center llne of cutout, in.

w 24 18 12 6 0 6 12 18 2b 30

—- — — .— - -—— —
-1,339 -1,601- -1,623 -1,947- -2,061

I 3;

-U*
I

-I, 265 J, 538- -1>5tb .1, k6 - -1, %0 -1,743

-982 -1,378- -l,b -1,786 – -1,732 -1,317

-648 -1,153 – -1,;51 -1, 6= - -1,410 -773

-101 -&1 – -1,;74 -1,409- -948 13
I

517 128 — -963 -q 152 - 477 &3

975 2,522 — 5,250 — 7,401 — 8,~07 - 4,223 - 2,037 — 1,.@2

1,414 2) @7 — 3,;38 – 3,755 – 4Ji56 – 3,475 1,775

I

— 1,231 1,392 – L41_8 — 1,0~ — 1,305 1,558 — 1,519

I I

4



.-

. .

—

!rABIB6.-sIzFw9mAR.mmcmDLIc0Fl~MlMYOHT2tW0MS~ OFCumi’ER uMDKoEY21m.4R

FORCEOF2,m FOIJMHATm (.4m!w APPImDLOAD,2,200 FouuEi) - Cant’lnued.

(c) shear EitreaBaH,psi

Distanceh cedar lhe of cutout,h.

% m 94 1812 6 0 6 u? 18 24

— -
I

.— -
I –—-71 —-—

-97 +8
15

@+ @

ly)

45=I==E3
@ m 315 661l,olg I,I.%

75
e, 1,4651,812 1,592
d.eg

1,lcy

1,053 1,236
w

1,6u 1,~ 1,183 1,~ g44

I I

1,085 655 715

135
8)5 566 461 401

I I i
M+

165
I I I J-31 ml

73—o— -1 ‘- —

257 122 I

470 ~ I
751 5&

1,084 l,o&

-371 -15

I

85 64 262

506 596



15

45

75
e,
d.eg

105

TABM6.- SllIE3SH AR21EmCU.lTIUl?OFIYJOBY lR4YOHII!2SSIONSlJJEOF~ LoAIEoEYsEsAFl”

H3XBOF2,U IRXN113ATT IP(ACTUALAPPKcKoLOAD,2,220 BIJNIB) - Cantinw3.

(d) shear atressea due ta oubut only, pBi

IEatancefmm center Mae of cutout, in.

36 P 24 18 u? 6 0 6 12 18 24

— . .— - -—-7 —-— 75 —o—-

.’240 -al -9 -75 1.14 -a

-l% MM 18

-~1~ J96 -278 -397 339 1P

+jl -W7 s% 552

.576 -664 -1,025 -8% 1,100 1,264 934 ~3

-1,P1 -2,452 3,5@+3

-266 -m +9 -11324Y 352 -& 158m

653l,m 7ED 293-1,183 -m

241 424 799 688~J 323 132-726 -748-550

374 -59 1 -208 -IJ..8

m 36 -69 -w

-98

42 -42

, ,

VI

ii
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TABLE6.- STRESSESAROUNDCUTOUTOFlm” BY1 BAYONTENSIONSIDE

OFCYLINDERLOADEDBYSHEARFORCEOF2,000POUNDSAl!

TIP (ACTUALfwPLlzDWAD, 2,200 m.mm) - Concluded

(e) Ringstresses,psi

e,deg

5

15

25

35

45

55

65

75

85

95

Ring1

A

1,026

885

691

260

-1o2

-693

-1,133

-1,113

-1,o12

-962

B

-665

---

-545

-434

---

164

263

---

901

843

c

-1,255

d, 098

-920

-593

-58

2Ep

1,075

1,484

1,609

1,764

I Ring2

A

1,749

1,460

993

184

-434

-616

-1,898

-1,768

-1,513

-1,494

B

-1,836

-I,696

-1,243

-m5

3~8

1,345

1,489

1,720

1,513

993

~

-3,025

-2,554

-1,816

-698

482

1,615

3,035

3,016

2,625

1,869



TABLE7.- STRESSE3AROUNDCUIYXICOF l~” BY 2 RAYS ON TENSION SIDE OF CYHNDER IJMDED BY SHEAR

FORCE OF 2,0CCIFOUIW AT TIP (APFIJALAPPLIED KM.D, 2,EQ0 KnJNLE)

(a) Str@er stresses,psi

Distauce from

24 18 E 6 0

1=
—~—
-38—0

-53— A

1- 1
0 —0

L I
655—o

I

center line of cutout, in.

6 12 18 24 30 36

—~—

; +1

— —
o — 115 578

0 — 193 665
I
— 283 838

T
o — 472 1,291

o— 616
1792

1’
o— 1,667 2,303

1

1- 2,12cl— 3,517— 5,(X%— 6,:56— 7,931-(8,4&I)
9,530

– 5,0~ – 3,035— 2,515
i

2,503 3,% — kim – 4,385- 4,’+99— 4,053 2,5&

I I

1,368 1,108 — 1,416— &5~— 1.,Io8 1,349— 1,368— 9

I I
9

I
~
u
P.-

4
.-

k’



.
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TfiELE7.-STRXSSE3AROUNOCUIOUJIOFl~” BY2 BAYSONTENSIONSIDEOFCMJNDERUMDEDBYSDEAR

IWICIiOF 2,002FOLJNIMATTIP(ACI’UALAPPLzKOLOAD,2,m KJuNDS)- Conthlued

15

45
e,
deg

75

lo5

.

(b)Stringerstressesduetocutoutonly,psi

Di6’GSIICe fI13m Ce?2~eX line of cutout, in.

24 18 12 6 0 6 12 18 24 w

--- ——-~ —

I

$:

—— —

-1,175--l,@g -1,947--1)* + 855

-I.,16- -q;65 J,/!36- -1,m .1>704

-1,043– -I,192 -1>+%- -1,646 -1,394
I

-934– & -1,621--1,28J+ -735

— -645— -gio Jog — -glo 42

-18— .7:9 -1,;52— 4w .%3

— 1,617— 2,:43 (7,419LJ,079_- 4,3@ – 5,738– 7,1k2- 8,6* 2,031— 1,439

— 1,95 3,061— 3,~56-3,896 - 4,;55– 3,464 1,902

I

— I,w 1,206— 1,329 — 986 — 1,238 — 1,5!)1— 1,531

I I



15

45

73
e,
&g

lo5

135

W.ta70- mFa2F8muKocomIn oF13c@BY 2E4YfloN!ms?HoHsm cm~LIMUKOBYSBEAR

FclmoF2,c00 mmmm(Acrl.ML APPLIEoUMD, 2,m F0mD3)- Conttiued

(c) Sheer 6txesse6, PSI

I
D&t.mce from aemer Mne or cutout, in.

w 24 18 12 6 0 6 12 18 24 30

— .—— — -— w —4—

-75 142 243 llz

476 *

-21 ’223 -p2 qy)
—

1,038 l,on

-19 -191 1,657 1,037 l,5h3 1,424

4,0T8

392 234 7’94 94’6948 l,@+ 1,8I3lo5 9401,144

1,2X 1,659 1,547 W79 -243 22

1,161 1,433 1,2?s 1,12 1,274 1,266 1,1%7~y 52251

750 6!3 715464 lfc13

m 569 3%2 yp.
E
s

m Q

w 9-7 u
~

. ?



. “
#

.
J

15

45

75
e,
&g

lo5

135

U+j

!cAmE7.-srRw9E3A.RxRmCumm!oFly lOBY 2EAY20U TR!BIOUSIDEOF CTUNIERIWLDEDBY2BE4R

FDKCEOF2,0C0 FOLRU9ATTIP (ACTUAL.APPLJXDIOAD,2,203 FWliT8) - Contl!.wsd

(d) Shear 6txeBae6 d- to cutout O&

EL6tenm rrom cant-=xMJle of cutout, In.

w 24 18 12 6 0 6 12 18 24 30

=7==r---
—. — w —4—?

m -2

194 14

m U.8

W8 4Eu

1,025 1,lm 9U 792

3,364

-381 -540 20 172174 3W 1,039-669 166370

~ 847 735 267-1,055 -79

3J+9 623 k~ 342 4-62 454 255-737 -m -m

76 +9 1 +0 all

-lp 39 -148 .-l~

10

-53 Jf6
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TABLE7.-STRJISSESAROUNDCUTOUTOFl~” BY2 BAYSONTENSIONSIDE

OFCYLINDERLOADEDBYSHEARFORCEOF2,000FOUNDSAT

TIP(ACTUALAPPLIEDIOAD,2,200POUNDS)- Concluded

(e)Ringstresses,psi

i

/

Outer flange

? T-’ J“
I11

t’

+“

g B

-~ ‘g

Ring1 Ring2
8, deg

A B c A B c

5 2,072 -1,973 -3,218

15 1,696 -1,647 -2,&)4

2’3 I.,176 -1,387 -1,936

35 269 -597 -771

45 -458 2%3 419

55 -781 I,296 1,691

65 -1)879 1,335 3,180

75 -5W --- 304 -1,834 1,744 3,276

85 -313 92 371 -1,855 1,537 2,780

95 -197 187 419 -1,638 1,133 2,I25

.

.



, ,

—-

,

15

45

s,
deg

75

105

TJlBLJ18.-SITWSESAROUNDSIIlECUlWl!OFnOBYl R4YINCYLRWDERLOADELIBYSHEAR

FORCE OF 2,020 FOUNDS AT TIP (ACI?UALAWLIXO I.OAD,7,200POIJNM)

(a)Stringer stresses, psi

Distance from center line of cutout, in.

w 24 18 E 6 0 6 u 18 2k 30

—~–~-

1

:3-:

—

U8 203 —o o — -1o3 89

337 $08 — 1, ;85 — 474 — .9L — -17’7 3@

554 @5-955 -736 -~2-Y9 810

730 E!Jt5—&2— 972 - 1,076 — 1,148 1,207

817 932 — 1,;28 - 1,148 — 1,393 — @.4.o 1,53

919 1)067 - I,W —1.,~ - 1.,690 — 1,737 1,91A3

983 1,175 — 1, ;66 — 1,61i — 1,849 — 1,947 — 2,092 -2,120

— l,CQ1 1,251 — 1,;87 – L693 — L $55 – 2,064 2,341 —

— 1,057 1,5$0 1,752 — 2,061 2,3&J — 2,426 —

I I

VI
-4



TABLE8.-STRS3SE3MWNDSIDECWI’OUIOF~BYIBAY INCYLINDERLcMDJmBYSEEAR

e,
aeg

15

45

75

lo5

FORCE OF 2,0CQ mum JwTIP(AcruALAPPLIEOLOAD,7,XQ FOums) - Continued

(b)Str@er stressesduetocutoutonly,psi

Distance from center line Of CUtOUtj iIl.

P 24 18 I-2 6 0. 6 12 18 24 30

—~”

; F-

—
42 m> — -1.08 +0 — -244 -75

lo5 558— 1,+7 — 46— -1,~8— -6& -194

93 264— 278 —13— -2& — -345 -176

95 P —-~ —-24 —-+~ .151

27 -E!@— +? — -91— ~ — -24 -176

-1 -115— -131— -45—ll.5— 31 -25

-40 -139 — J4 — 5— ;8—50 — 49 — -68

-93 -155 — -;5 — -25 — -19— $ 0

-8) m -33— ~4 1.14— -7
g

I E
u
~

, ,



-.

, #

TAFm8.- sTm3m ARmmsImcomuI? OF@ BYIR&YDi CYHUDKRIO~BY SHE&R

mm OF 2,CC0mmm AT TIP (ACJmL APPLIEDDAD, 7,200mum) - Continmd

(c) sheer Sto’lmses, psi

. 0

M~tenca frca center tie of cutout, in.

% m e4 18 12 6 0 6 Ii? 18 24

— .
- — – —-973 —-— -l,lg7-l,lf?4

-849 -m -1,o71-1,328 -1,~ -l)oa

-473-1,057-1,079-l,op +4 -&/l

-7X3 +8 -w -532-1,056-l,2& -1,124-5433 -51a

-510 -%6 “xl .l,~ .I,oa -551 -523

+0 “480 -494 +@3 .798 -867 .~~ -h92 -519 -4P -466

-423 -429+!-4 -5%? +56 -413

-m -@j .388 -W+ -m -341 -333-53 -433-224

-175-93 -M -96.191 -264

1~ rj~ @l w *3 @ 257167 & -Io8

3E!J m 474463 422

637 633 691 665

788

816 @



.

73
e,
*g

105

U5

TAELE tL- 9J!RE59ESARXiHOSIIECaOF ~UBYIRWIH~ mAnEDBYsmlm

FOFi7EOF2,0~PO~AT TTP (ACTUALAPPIZEDKm, 7,200 mom) . Canttiwd

(d) 6h,= s-s6,6 dlx?b CUblt Ollly, @

4=
o

Distance frcun center llne of cutout, in.

36 w 24 18 u? 6 0 6 12 18 2b
— ‘—- —–—-Ib8— —— -372 — .339—

-37 -78 -2% -516 -X7 -*

* .283 -X5 -* m lo3

-5 If 204 I.& -342 +8 J+Io M% 1$6

la 65 -m -463 -393 81 U2

-lo 42’ % 21 -268 -337 -2>> * U 98 64

-II -1’7 .ly? -1P -154 -1

3 -1 -l@ -62 -18 -W -51 -48 -151 y3

-32 30 23 45 -48 -El

7 U ZL -* 173 77 Uk 24 -77 31

-28 M 62 71 10

5 1 19 9
E
~

14 El

b -28 u

k

. .

,
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W(X m 3192

mKLE 8.-STRESSESAROUNDSIDECUTOUl?OF~ BY1 BAYINCYL%3R

WADEDBYSHEARKHZ OF2,000POUN121SATTIP(ACTUAL

APPLIEDLOAD,7,200POUNM) - Concluded

(e)Ringstresses,psi

& Outer flange

f-~. r’ ~~’
In kl--_$ B

%’ ‘2

41

Ring1 Ring2
8, deg

A B c A B c

9!5 -53 848 965 573 339 -m
85 0 1,007 1,028 605 244 -392

954 466 244
2;

-339 ~
625 127 -74

55 816 424 @ -212 !53 m
45 944 --- -551 -297 w E!06
35 742 -932 -1,034 -11.7 I,369 1,282
25 371 .1,389 -1,632 k2k I,696
15

1,441
.-. --- -1,642 5& 1,272 1,272

5 --- -815 -742 456 42
5 636 319 373 -1,060 -1,113
15 --- 1,230 5; -1,938 -2,log
25 -??8 1,272 1,358 -2,067 -I,961

-74.2 848 1,071 14: -1,696 .1,590
:; -9M --- 626 10 -1,007 -764
55 -848 -329 106 -392
65 -647 -657 -276 -632 0 5;
75 -540 -752 -520 -952 201 848
85 -435 -785 -520 -1,166 297 1,007
95 -318 -710 -5W -1,230 0 901



TABLE9.-STRESSFSAROUNDSIDECIJl!OIItOFxSJBY1 BAYINCYUNDJIRLOMll!ZlBYSHEAR

15

45
9,
deg

75

lo5

lUICE OF 2,009 KWNl% AT T12?(ACTUAL AFFLJxD LOAD, 7’)200WJNIX3)

(a) Strhger stresses,psi

Dist=nce from center l-he of cutout, h.

w 24 1.8 12 6 0 6 1.2 18 24 w

— —~—~ —

I

I

‘T:

—

124 91 —o o— 0 44–

433 4E?4—0 o— -12 29k

603 W43 - 2,792 — 878 - -1,178 — -77 661

7@3 1, ml — 1,;99 — 1,022 — 7;8 — 794 1,072

831 922 — 9k — 1,151 — l,b — 1,475 1,428

&74 958 — 1,&6 — 1,414 — 1,+31 — 1,825 L 875

gll 1,034 — 1,:34 — l,w2 – 1J370 – 2,017 - 2,035 — 2,179
I

%5 1,172 — 1,31.4 — l,W - 1)458 - 2,085 2>356

967 1,508 1>686— 2,036 2,378— 2,453

I 1

J ● . ,



, ,

15

45

e,
deg

75

lo5

TABLE9.-STRFSSESAROUNDSIDE

FORCE OF 2,000 KXINIISAT TIP

(b) Stringer

0

CUIUJTOF~”BYIBAYIN~ LOAIXJIBY SW

(ACTUAL M!HlC3D L&MD, 7,200FOUNDS]- Continued

stressesduetocutoutonly,psi

Distace from center Me of cutout, In.

30 24 18 12 6 0 6 v 18 24 w

“~-~—— –
48 “7 — .108 -1~ — -141

%:

-U9

161 1* — -3& -&7 — -517 -283

142 751— Z,&? —- 155— -G57 — -931 -325

145 2% — 2~3— 26--~8— -383 -2%

41 -92— -1;8— 88— :8 —Xl -261

46 -224— -$7 — +3 — 1J5 — 119 -93

-lx? -2m — +6 — -104— ~9–~–-8–-9

-Ug — — -234— -248— -1.M3— &— 56 15

-P 47 -99 —%’ -1o7— xl

&-



45

75

&

ID5

135

TAEIJE9.-mRKSs?sARoImDslImclnwn!m~mlwm cYLmIm LoAu2DBYsEMR

FoRcEoF2,m F?xNG9ATm(AcmM.L APPL12DLOAD,7,203F’OOIW)- Ccmtinwd

(c)2hearStresees,psi

Distmcefromcenterlln.eof cutout,in.

x 30 24 18 I-2 6 0 6 12 la 24

-~–—–~ —— -7%71— — — I-1.138-1,162- –.—.

-&Ill -%5 -95$ -w -l,lSk-1,U8

-1,>7 -1,267-9X

-m -6& +J!?b -218-1,372-1,552-l,4m -Ia3 +3
—

-372 +@ -1,321-1,536-l,35a-325 -317

-w -1+~ -402 * “l,IM-l,2iQ-1,083+18 -%1 -3% -@2

-457 -38.3-7% -7@ -766-373

-w -m -417 -331-%3 J@+ -w -304 -461-2X2

-195-m -ly -58-2= -334

lkl IJh m lol351 288 287Ug 2373

348 m 314 391

640 732 682 651455



-. .-

,

15

43

75
e,
&g

lo>

135

m

t d

!w.HL?9.-9r2WE9mmmsmc UromoF@ BYlwxmcmmlmm liMDEDBY .9BELR

ImRcxOR2,01X)FouulsA!cm (AcruMAPPL12nKMD, 7,200mm) - continued

(d)Shear.tre.wes due ‘m cutout @+ psi

Mst.anteh center lineof cutout, in,

,

$ YJ 24 ““ 18 12 6 0 6 12 18 24

— –—-—38 —–— -313— -337— -

-39 -w .IJ16 -~ -* -x

-733 -493 -176

-24 32 193 496-638 -ma -696@+ 3U

2E0 2k3-@ -924 -726W7 315

la 93 128 123.581. -@J +12o132 1~ W M8

-27 23-% -375 -33439

33 2? -13 -I@all -lx -IA -22 -ln 70

-y 43 U 63-@ -191

-2 -29 -13 -42238 ti5 W -24 -~ -P

-64 ly 1.02-Iv -El

8 IDO P w

a

-4 -2



46 NACATN3192

TAELE9e-STltESSESAROUNDSIDECUI’OUIOF~“ BY1 BAYINCYLINDER

LOADEDBYSHEARFORCEOF 2,033POUNDSM!TIP(ACTUAL

APPLIEDLOAD,7,200POUNDS)- Concluded

(e) Ringstresses,Wi

i! Outer flange

?< ?-’ ,~’
l“

t

4

t-’

g B

-~ ‘g

6,deg

95
85
75
65

35
25
15
3
5
15
25
35

75
85
95

Ring1

A. IB

-498
-212
2%
985

1,400
1,484
1,113

159

45:
254
435
-53
-965

-1,357
-1,399
-1,060
-615
-233
74

1,325
I,654
1,208
1,198

-;:
-2,385
-2,470
-1,548
-1,028

604
l,7kg
2,WO
2,109
-74
-106
-922

-1,166
-1,442
-1,219

c

1;484
763

-339
-1,516
-2,438
-3,286
-2,120

.986
551

1,813
3,021
2,533
1,579

583
-445
+@

-1,261
-996

Ring2

A IBIC

1,177
912
413
-191
-721
-742
+&

625
409
572

3:
392
530
265

-403
-97’5

-1,304
-1,622

-2%
-541
-488
-53
742

1, Eb2
2,839
2,968
2,385

753
-1,283
-2;957
-3,244
-3,M6
-1,8’75
-625
244
636
742
562

-1,208
-1Y272
-1,071

-424
636

I, 728
2, @l
3,339
2,088
403

-1,643
-3,074
-3,869
-3,201
-1>749
-339
742

1,484
1;770
1,654

“

.

.

.

.



..— .—

4 , .

15

45

e,
aeg

75

lo5

TABLE 10.- 9mlE3sE AROUNDSIDE CUIWII OF I’OOBY 1 W IN CYKCNDER IJ3AIIED BYSHEAR

FURCE OF 2,000 IWJNi2SAT TIP (M?lWL AWLlxO MAD, 5@0 F7xJNJx)

(a) Stringer stremes, pei

, t

Distence from center line of cutout, in.

30 24 18 E 6 0 6 12 18 24 m

—
r

—. ~-~—

I

:$:

—

99 41 —o o— 1? *–

413 204— : o— 19 223
I

641 668— : o— -45 477

8J+2 1,794 — 3,+13 — l,2K1- -1,395 — .15 al
I

965 l,yo — 1,452 — 1,555 — 1,I28 — l,OW 1,3$

978 1,003 — 9i7 — 1,507 - 1,~8 – ~,866 1,760

— 927 933 — 1,022 — 1,722 — 2,1M - 2,24o — 2,03~ - 2,L58
I

g46 1,098-1,222 — 1,703 - 2,1.95- 2,36 2,441

985 1,456 1)741 — 2,082 2)460 - 21500 —

4 I I >

El



J=
co

TAEGE 10.- STmsms KROUNDSm

FORCEOF 2,000 FWiNM AT TIP

(b) Stringer

CW113UTOF~OBYl RAY IN CU14DER L4AIIEDBY 9REAR

(AcruKL AFTUED LOAD, ~,@O FOUNMl) - Continued

stresBeB due to cutout only, psi

Distance from center line of cutout, In.

m 24 18 12 6 0 6 12 18 24 %

— — —~—— —

:$m

—
23 -57— -108 -IN — -x26 -129

15 141 -1$ — -3& 27 — -4% -360

183 76— -6~7 -7~ — -899 -509

x17 979— 2,k7— a5 — -2,391--1,192 -487

45 175 285— 3;5’— ti — -224— -374 -353

e,
deg

58 -179— -3k —63— 2~3— 160 -208

-96 -381—.A~8 — u6— 3+343 —-8— -30

75 — -148 -38 — .3;1— -15—221— 355

-152 -5 .$ -44— 135 l@ — 67

K15 L I

, .
,



*

15

‘n
e,
deg

TA2LE1o.-S!msaE3 mmsmcIJIWro F7@BYl BIw INcYUmIlmI.olwmBYsm

FJMm OF 2,0aJRyMR3#l!cTIT(M?rlJMAPPLlgnLOAD,5,@0 RXJMM)- Ccm’Wmed

(c)shearstreB5cs,pi

Diaance frcin centar Mm of ctiut, in.

36 30 $24 18 Ii? 6 0 6 K 18 24

—-

-8’72 ‘-- ‘-:‘--EEEI=-@93 -712

497 -696 -1,055-1,726

-m * -1,768-l,gp -1,793269 -115

-532 .422 -lea -1.62-l,5e4.1,98).l,fi-m -11~ +9 -W9

-281 -274-1,M6 -1,4U -1,259-.23i3

-241 -218 -374 -p5 -674 -725 -741 -2a -@6 -160

-U? -m -212 -246 +33 -396

I I I I I
E9 93 72 44/438 374 371 78 -69/k7

lo5

I
I 3%/ 621 fQ31402 -3471

633 m m 714

w

7is@ 731

!+$



.- —

15

75

2g

105

135

165

TABLE IO.—STSEMSAmUtmsm cui’ouroF@BY IBAY m cmmuEzsIDAmDBYsmm

FOFiLZOF2,~mW16AT~(ACJ’UAL AHLIEIIILIAD,5,60 mmcs) - cmtimed

(d) Shear stresses W to cutout only, pal

mat== tincenter line of cutout, in.

$ 3’J 24 18 12 6 0 6 I-2 18 24

— — —— — -— M — –— -93 —-- ‘-

-60 -81 lco 113 -274 -2?53

-55 -2& -253

17 18 -*1 -1,o12 -386 28

242 6%3-1,136-1,338 -l,til W 517

-2 l!m w 3x58-l,oJjJ+ -1,450 -l,o~ 430 415 al 221

lx 2J8 -~ -1,C02 ..843 171

J41 64 -w -23 -3% -443 -459 1 -174 122

-69 -’79 -69 -1o3 -m -233

-14 -m -71 -99 295 231 228 45 -- -96

-58 209 191 -10 -759

1 -23 52 %?

18

-w -~

.
.



.

.

.

.

NACATN 3192

TABLE10. - STRESSESAROUNDSIDE CUTOUTOF70°BY1 BAYINCYLINDER

LOADEDBYSKEARFORCEOF2,(X)0FQUNTSATTIP(ACTUAL

APPLIEDLOAD,5,630FOUNDS)- Concluded

(e)Ringstresses,psi

i

/

Outer flange

f- ?-’ J
In

t’

4

l-- _

;
B

+ ‘2

=jl

Ring1 Ring2
El,deg

A B c A B c

95 -551 1,473 2,173 I,272
85

-763 d,887
-95 1,823 2,067 890 -1,028 -1,88’7
721 1,l.1.~ 1,304 -594 +&

2; L,134 403 -g 74
1,473 -413 +ol -1,039 1,399 1,484

?; 1,251 -1,230 -2,311 -848 2,756 2,968
35 456 -2,555 .3,286 -912 3,392 4,24o
25 647 -2,841 -3,1&J -318 3,445 3,943
15 795 --- -2>L2Q -48a 2,120 2,438
3 689 -703 -816 106 752 424
5 -371 477 742 827 -1,188
15 -836

-I,654
1,272 2,m 1,007 -2,756 -3,021

23 -392 2,841 2,&19 678 -3,604 -4,240
+ol 2,544 3,445 859 -3,551 -4,595

2; -1,166 --- 2,438 647 -2,650 -2,756
-1,367 657 1,092 445 -1,113 -848

2; -1,145 -498 -265 276 773
75 -689 -1,166 -1,145 -63: 1,007
85

1,t%?
-159 -I,516 -I,654 -1,177 I,219

95
2,226

371 -1,643 -1,579 -1,526 1,124 2,226



15

45
e,
d.eg

75

lo5

ul
to

TABLEKL.-STRESSH AFWNDSIDE CUfOUTOF 900 BYl RAYlITCYUNDER LOADED BY SHEAR

FORCE OF 2,000 FOUNDS AT TIP (ACTUAL AFFLIED LOAD, L,200 mm)

(a) Stringer stresses,psi

Distance from center line of cutout, in.

x 24 18 12 6 0 6 3.2 18 2L m

~- 1- —~—~ — , -~
83 55 — o 0 — 35

I :3:

40

546 1~ — A o— 10 1$

598 328—0 o— -w 313

921 906 —0 0 — -131 m

1,063 2,183— 4,;70— 1,726– .1,651— .86 l,OCN)

1,141 1,560— l,h - 1,716— 1,597— 1,4’79 l,46h
I

— 1,035 994— l,OIQ— 1,772— 2,w4— 2,392- 2,011— 2,009
I

— I,(X)O 969— 1,:45— 1,777— 2,473— 2,706 2,448

889 1,318 1,797— 2,4Q8 2,766— 2,690—

I

. . .
,



, ,
.

15

45
e,
deg

75

lD5

TAH.E 11.- STRESSES AF?3UNDSIOE

FoFKE OF 2,0CCIKJIJNIX3AT TIP

(b) Strhger

CLTCOTJTOF$llOBYI BAYIN CWtKUER ICL4DEIIBY Smm

(ALTUALAFmCEo IOAD, k)m POUNIX!) - Continued

stresses due to cutouk only, psi

JMatauce from center line of cutout, h.

P 2b 18 12 6 0 6 12 18 24 w

—— -——— - ————

E
7—-t–-4~8-~8

74

137

k
285

275

221

L2

-94

$
2oo — -3i3

264 — .6~7

91 — .;6

1,169 — 3,ik3 — 487 –
i

-Ijo — -106

$3

-1.23

.27 — -495 -447

-7A9 — -S@ -673

-l,oe6 --1,308 -768

.3,+3 --1,59 -683

3=
378— 328— 272 — -68— -q ~ -504

-320—4; —166-5;3— 495 —-32 — -179

.437— 5;7— 59 — 549— 676 + M7 3

-248 I -143 I l—2— 4’61 495 — 257

I I



15

U5

!CAHEU.- STRES~AKXJKOSI OEC’IJI’OUI 0F90” BYl BAYm ~m-BYSS2.4R

mm2w2,am mumx3m Tm(mmu, mmmo IOAD,4,200 mOBM) - (!antinmd

(c) Shear sim$mes, psi

Distance frm center line of cutout, in.

% 32 2h M 12 6 0 6 m la 24

—. .— — - — +x —- — -1,124-1,o12 —

-9~6 -881 -579 -s?3 -1,097-991

..671 -l,ok8-981

-T48 -783 -1,0U2 +2 -w -852

-1,232-2,083 -963 +ln

-51n -W -240 m -2,%9 -2,6@ -2,178@u 137 -2U3 -z(6

-12 24 -1,~4 -2,344-1,97297

-206 -1* -202 -173-1,m -W% -1,%9-165 -322-58

-124-563 -593 -614.257 -420

-135 -61 -m o 4& kp 449-41 -218-18

28a m 78332 -251

6J+~ @ 767 &8

&

698 704

UI
4=

● ✎ c
, ,



● ✃

-.

,

(II)Sneerstrrmesdunto cutout only, psi

DL9’wncefmm center IiIe of cutaut, ti.

36 30 24 18 M 6 0

—–~–—–~ ‘— 2951— — —

!+
VI

G
Pa

6 12 I.E 24

I-299— -l& —l-

15
-1o4 -69 -233 233

lo3

-283 -179

-274 -207

45

’75
e,
deg

w

165

-34 -69 -298 .238

-1,448
r 1

m -66 -2$0 919-1,EU9-2,079-1,648l,m 667 327 @+

I I I
76 82 & w -938 -1,18!-l,OQ UT -20224

Ig-420 -450 -457-U4 +-ff

8 -163 -1.63 -143*4 328 y% -m -xl -161

-la 353 371-m -663

15 .28 137 M

30

-U4 108



36 NACATN

TM3W311.-STRXSSESAROUNDSIDECUl13UTOF90°BY1 BAYINCYLINOER

LOADEDBYSHEARIDRCEOF2,000 POllNDSAT TIP (ACTUAL

APPLIEDLOAD,4,200POUNIIS)- Concluded

(e)Ringstresses,psi

& Outer flange

t-~ r’~~’I18
t

t-’ “
g B

*

‘1

+

c

1-+

l“

kl-k
95
85
75
65
55
45
35
25
15
5
5

15
25

?;
75
65
75
85
95

A.

-445
132
848

1,219
1,293“

859
954

1,495
1,081

-g;

-710
-m
-985

-1,166
-742
-265
371

Ring1

B

1,643
1,E?(I2

859
-32

-1,420
---

-2,5z2
-2,120

---
-413
488
731

2,321
2,915

---
1,463

.%
-1,590
-1,834

c

2,b38
2,003
1,124
-276

-1,728
-3,2%
.2,968
-2,eog
-1>eo2

-647
594

2,o14
3,032
3,032
:%!!

‘ 307
-954

-1,738
-1,940

A

1,230
604
-138
-583
-827

d,272
-1,166
-I,548
-1,049
-233
9M!

1,516
1)855
1,272
1,124
4g8

.::
-two

-1,442

Ring2

B

-1,675
-1,378

-:@&

2,184

;;%:
3,169
2,067

625
-848

-2,268
:;:%g

-3,244
-1,834

-138
742

1,431
1,579

3192

.

.

—

c

-2,438
-2,120
-1,06

477
2,162
4,113
4,452
4,092
2,544
668

-I,526
-3,201
-4,2&
-4,653
:;:g6

53
1,410
2,396
2,639

.

.

.

.



, .
N

El,
deg

15

45

75

lo5

TABLE E.- STRESSES ARXIND SITJE CUIWIC OF ln” BY 1 BAY IN CUINDER LOADED BY SHEAR

FORCE OF 2,0CKIFOUNIX3AT KC? (A121WiLAl!?Lm LCMD, 2)W mm)

(a) Stringer stresses,psi

Distance from center 13ne of cutout, h.

30 24 18 I-2 6 0 6 U 18 24 30

7— 1- —~”~ ———— ——
64 9 —~ o— 0

I

I
:3.

0
I

276 124— o o— -84 .68

484 212— A o — -114 -53

7?A 321—o o— -w 53

984 553—0 o— .151 21.2

1,234 1,287— o— -273 583

— 1,506 z ~& _(6,L)_ 2,x4-(-~~~8)— 151— ~~~~> 8,2P — 1,060
2

— lJW 1,628— l,8@— 2,059– 1,~1 — 2,042 1,787

765 6$ l,@3— 3,096- 3,324— 3,021— 2>831

I

i=
s’
E?
V4

k

U
4



15

45

e,
aeg

75

lo5

TABLE 12.- STRESSESAmmD SIDE

FORCE OF 2,000 R3UND5 AT TIP

(b) Stringer

CUJ?CNJIOF 130° BY 1 RAY IN CYLIMER LOADED BY SHEAR

(Ac?ruALAPPLIED IOAD, 2,820 Poums) - continued

stresses due to cutout only, psi

Distance from center line of cutout, in.

% 24 18 M? 6 0 6 u 18 24 w
—

-~—~-— -
-x? -64— -m8 -lx — -141

,$1:

-163

4 -226— -3jj .;7 — -583 -651

23 -483— -6~7 -7& — -968 -1,039

99 -494— -~6 -l,;%--1,306 -1,305
I

194 -461– .1,L7 -1,352--1,615 -1,477

314 105— -1,:13 -1,;73- .1,979 -1,385

283 ~,67yj-(:~~) – 658– ‘~)~~) (-1q’1)
--1,746- -~w --1,Y28

&
‘1

222— 23 —341—117— 12 -554

-372 -&5 1.08— 1,lkg— 1,215— 7W — %8

I I

. < #



. * .

.
,

15

45

7?
0,
dl?g

w

w

TmIE12.- ~AIUIEOSlIC3C!U10U10F~ BY12AY~CYLRUER IJMD2DBYSEEAR

FOK!E OF ‘2,m FOm A!cTIT (AEKIM APPUETl IOAD, 2,m0 Foumis)- Continual

(C) &MEW Btr~&9.S, Wi

Distance frm center line of cutout, In.

36 m s? la 12 6 0 6 K 18 24

—. —— . -— -m —-— -9% – -739

-795 -597 .184 -362 -931 .7L6

-415 -5Q2 -762

-7’= -675 -527 -m -557 -790

475 -724 -783 .a2a

-5P -653 -1,w -1,205 -783 -* -325 -331

-1,%8 -2,968 -743

-249 -275 -30 l,o~ -~,~ -3,626-3,2’771,354 I&lm7

w -2,49-3,193 -2,ti5339 67

171 88 .74 0 -12 -lx -177-21 -q% -4-4

w 1,q 1,039-44 +6

535 597 1,171 l,l&

m

736 739



—. -.

TAEmL?.- smEssE9mlmDsmcviwJl!oTlzOOBrlIMY m c’WnumRInM!Eo2YsEMR

mRcEoF2,1xx3mIm3Nc TIP(AcTw AI’PImmIJMD, 2,8XI FOOHM)- Cartiuu?d

(d) shear Stre.eea due to Culxnlt only, psi

—~ — l–—– —5161— —— 4.31-M — r

-IJ.9 96 I17 215 628 4XI

359
15

-128 xi!

-123 -76-7 39 lm

-i

21k

-2b3 -92 -148 -1?6 I
45

0 I -123 I -7$9 -675 I -253 -~ Im W

I I -9545 -2,5561 -331 II 1
42 7 232 1,565/-3,238 -3,344 -2,99: 1,636 462148-2

73
e,
deg

.5@ a28I I 6111-2,347-3,0Y -2,Yx

-464 -7021-l&l2a -55 -217 -lh3-155 -175 -w

I

-W -5681I I -215I 765 WI

135
-96 -3s 539 5*

I I
165

* a ,



NACATN 3192 61

TAELE12. - STRESSESAKKJN!3SIDECUTOUTOFl~” BY1

LOADEDBYSKEARItlRCEOF 2,000POUNDSATTIP

m?IsED LOAD,2, &)OPOUNDS)- Concluded

(e) Ringstresses,psi

i ,Outer flange

BAYIN c.xIm-DER

(ACTUAL

Ringl
0, deg

A I B I c

95
85
73
65
55
45
35
25
15
5
5
15

-m6
191
W9
265
625

I,696
2,120
1,781
1, l%
445
-318

-1,124
-1,887
-2,131
-1,834
-647
-710
-541
-466

0

1,548
742
---

-1,590
-2,417

---
-1,410
-1,208

---
-392
212
---

1,208
1,696
---

2,ko6
1,643
---
-445

-1,548

2,364
1,283
-265

-1,950
-2,4t!0
-2,798
-2,576
-2,184
-1,399

-625
350

1,208
2,131
2,650
2,968
2,682
2,184

731
-742

-1.,696

Ring2

A IBIC

657
212

-21z!
-1,092
:$37:

-2;71k
-2,247
-1,134

-21
1,092
1,908
2,671
2,756
2,014
869

-:$
.721

-1,399

-1,664
-498

1,198
2,ko6
3,820
3,450
2,870
2,2E!0
1;L24

M
-901

-1,855
-2,544
-3,270
-3,340
-2>650
-1,484

-371
1,007
1,982

-2,490
-1,113

710
3,140
4,150
4,4&)
4,450

191
-1,590
-3,190
-4,140
-4,820
-4,3&)
-3,160
-1,m

m6
2,099
3,250
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TAEIE13●- STMZ=W KKXJNDSIDECUI’OLllOFlx” BY2 BAYSIN

FORCE OF 2,0C13FOUNES AT TIP (ACTUAL AH’LIED UMD,

(a) Stringer stresses, psi

,

CXLINDERLOADEDBY SEIEAR

2,CxxlFWIN@l)

24 18 12

F;

—~—
21— 0

l—29— 0

244 — o

Distance from center line of cutaut, In.

6 0 6 u? 18 24 30 36

, 33

- ‘=-- -53 –o -87

o— -170 -318-

— -307
7

-339

o— -24-4 -392

o— -551 -3&

1,$8 — o ? —-6@ --+-- O

(4,558)(W@) --1 ~ -(:~’:;!)--1378 (n7)
3,610— 9,~26- 6,519- ? I — 1,lq — 4~~

1,601 1>484— 1,~73— 1,357— 42 — ~6 1,155

1,642 2,750— 3,183 2,750— 2,650

I 1
E
s

!3
w
b

,
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deg
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TABLE13.- STRESSE3AliCWNDSIRECW170UI!OFl~0 BY2RAYS IN CYIJXDER UMDEDBYSHEAR

FOFWEOF 2,CKKY RNJNIH AT TIP (ACIVAL APPLIEO UMD, 2,000 RX.IMX3) - Continued

(b) Strioger stresses due to cutout only, PSI

Distance from center line of cutout, !JI.

2J+ ‘18 K! 6 0 6 u? 18 24 30 36

—~— —~- —

I

=:

—

-55 — =7 +0 — +94 -246

J43 — -3L -4& — -675 +ol

-217 — -5;6 -7L – -1,L61 -1,325

-264 — -7;5 -Ji% - -1)421 -1,750

-2U — -;2
I

-1,352 -.2,015 -2,071

448 — -1,051 -1,;75 - -2,395 -1,968

(3,244) (-~q) -3,~9G _(~~~)_ .3,~3 -(-~~g)– -I 7U
2,5W – 7,b7– 5,=5 - ~,9~– ? )

507 78—-b3--361- -1,$2- -1,214 -1,1%

MI. 965 — 1,233 479 — 217

I

La



‘lMFnl!13.-9m@sEE3Mou20sIm c’oIouroF13@2Y2Mf2 mcRrunKR UMDHIBYSHMR

FOR?EOF 2,cfJ0POlmTEATTIEI(MXUALAWLEO LIMD,2,CO0RXM02)- ConthnEXI

(c) Shear streese., pfli

Dia’mncefrom center 13ne of ctit, in.

w 24 18 12 6 0 6 W 18 2k 30
— — — —— .— .762 – A& — –

-647 @
17

-76~ -323

-’i-m -5@

-76i -5P -765 -659

45
-812 -742

-775 -1,537 -@ -m -354 -336

-1,481

-IJx 146 -2,7q
73

-2,265-2,3k8-2,278-2,3791,6@ 206233

0,
&g

-2,555-2,534-2,493-1,%?5-$@ 466

2E!4 -rCl. -643 -V3 -577 -m3
lo!5

-6@ -214 -~ lg3

6M 577 k74-148 -297

13s
5* 1,191 l,cql 1,108

@
W%

1,112 1,M6
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TABLE13.-S!lTR5SE3&Wli0SJIECUl!OlJ120Fl~0BY2BAYS IIIcmcUIm Lom BY SIC?AR

mm OF2,m mm m TIT(Acl’UAwIJzoLahD,2,m mm) - C9ntklwd

(d)Shseratxesse. due ta c.teti only, psi

Distance from canter lime of cutout, in.

P 24 la E 6 0 6 X2 18 24 30

-~———~— ‘— —-—

145 w
I

.245 I -1,(I37 I

I I

175 &8 -2,445-1,983-2,066-1,935-2,@7

-2,km -2,391-2,350-1,6Fi

141 @ -7% -w l-m -946 -%):
1 I I

2M 165 62

-* 559 439 476

165 I I 3221

m 354

63—343 — r

E=l=
-3@ -X2 176 194

-W@

-257 -.468147
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T~ 13.-STRESSJZSARO~ SIDE

LOADEDBY SKEARl?URCEOF

e,*g

95
85 ~~
75
65

35
25
15
5
5
15
25.

?;
55
65
7585 .
95

CmourOF 1300BY2 BAYSIN cmm

2,030KMJMXATT~ (ACTUAL

APPLIEDLOU),2,000FOUNTS)- Concluded

(e) Ring stresses,zsi

k , Outer flange

Ring1

A B c

344 224 95
281 212 -26

-148 --- 21

-175‘- --- 138
-313 0 191
-286 0 180

Ring2

519
-85
-689

-I,632
-1,749
-2;279
-2,226
-1,929

-827
85

1,007
1,749
2,438
2,385
2>173
I,378
1;113

-~8
-1,166

-848
710

1,558
2,533
3,074
2,533
2;035
1,463

716
0

-1,~y
-742

-1,908
-2,353
-2,544
-2,067
-1,208

+;;

1,420

-I, 367
0

1,707
3,498
3,816
3,371
3;392
2,417
1,378

138
-1,272
-2,099
-2,968
-3,710
-3,466
-2,830
-1,908

-424
11345
2,170

.
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—

.

.

.

.



, ,
, ,

!s

Figure 1- Test specimen.
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(a) Stringer and skin gages.

Figure 3.- Typical gage mountings.
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deg
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45

75

105

+ Tip 36 24 12 0 12 24 36 Root~

Distance from center line of cutout, In.

(a) Cutout 1 bay long.

Figure 4.- Goge pattern.
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-45

-15

0, deg
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- T@ 36 24 12 0 12 24 36 48 Root+

Distance tlom center line of cutout, in.

(b) cutout 2 bays long.

Figure 4,- Concluded.

- Stringer gage

x Skin gage

I Ring gage

-4
P



24
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D~tonce frcun center line of cutout, Ll, deg

(o) Strln~r stresses.

Figure 5. - Strsss disttibutkm, 3@ cutout on tms”m side.
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15 45
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75 105
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Strirqw streesee due to cutcut ordy.

Figure 5, - Conthed. G1
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15 45 75 105 135 165

Distance from center line of cutout, 0, deg

(c) Shear stresses

Figure 5 - Continued-
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(d) Shear stresses

Figure 5. -

due to cutout only,
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(c) Sheor stresses.
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Distance from center line of cutout, ~ deg

(d) Sheor stresses due to cutout only.

Figure G - Concluded.
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Figure 8.- Stress distritutism, 90” side cutwt.
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(d) Shear stresses due to cutout only.
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